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e Abstract: Furrow mﬁitratlon and channel séepage are’ often measured* o
- with inflow-outfltow measurements. Inaccuracy in the flow measurement.
will cause a larger uncextainty in the calculated infiltration. The infiltra- | .
_tion rate determmatlon uncertainty increases rapidly as the' percent of
the inflow that is infilirated decieases. The effect of meéasurement
‘uncerfainty on infiltration measuréments-can be estimated so that the-
- confidence intefval of a mean or the ‘dctual mﬁltratton varlablhty level
can be determined. .. . E T

INTRODUCTION ' U

Soil infiltration rate is a critical parameter in the desngn and evaluatlon of
irrigation systems:-A common method of measuring infiltration rate under
graded surface irrigation is the inflow-outflow method, in which infiltratien
rate is calculated as the difference between measured water inflow and
outflow rate from a furrow or border section. The technique is also used to
determine water loss from conveyance channels. Inaccuracy inherent in
flow measurement will cause uncertainty in the measured infiltration rate.
This paper apalyzes the sensitivity of measured infiltration to flow’ rnea—
surement uncartamty and indicates’ achlevable infiltration measurement
accuracy and’ procedures to maxitnize accuracy. The analysxs prcvrdes
engineers and soil scientists with the tools required to provide a statistical
basis for the uncertainty in infiltration measurements. e

FLow MEASUREMENT UNCERTANTY '~ =~~~

Scatter in a set of data, such as the randorn deVlatIOI'lS of measured
values around the true value, is described by the variance V. or its square
root, the standard deviation s. The uncertainty of a measurement refers to
the interval within which the true value lies with a certain confidence or
probability P. Uncertamty limits E are calculated from 'the Student’s
t-statistic, based on the desired probability level and the degreés-of-
freedom involved in determining s and on », the nurnber of measurements
miade as follows o

1Agric. Engr., USDA-Agric. Res. Service, Route 1, Box 186, Kimberly, ID
83341. :

2Statistician,  USDA, Agric. Res. Service, Western Regional Res Ctr 800
Buchanan St., Aibany, CA 94710,

.. Note. Dtscussron open until October 1, 1988: Separate discussions should be
Submltted for the individual papers in this symposium. To extend, the closing date
one month, a written request must be filed with the ASCE Manager of Journals. The
manuscript for this paper was submitted for review and possible publication on
December 4, 1986. This paper is part of the Journal of Irrigation and Drainage
Engineering, Vol. 114, No. 2, May, 1988, ©ASCE ‘ISSN 0733- 9437!884"0002—
0256/$1.00 + $.15 per page. Paper No. 22413,

256



Qo o STt .__u,_.;u_.“:zalu_ha “D+1}=
o _ ._ ..m«.ﬁ?ﬁ sﬂa - :+ :.3_ ?‘:aa s
mﬂ wm EE h cosm.sEE o>5§o.. mEu wcsasmszw

w..__”:,a s@ + i Nw@?::ma = nq
. EE 08 ¢ «z._.. - Mg pue ‘v = p ‘n
:,._ u:.aw uﬁ o1e mwoﬁuﬁa QWITSESW O] 31 I JUSWAUNSLIW MOJIN0
. Eu.im w Bo:c_ a1 = | 1dupsqns. s1oym

Ly
@?3__ QNR.H_ + zwm.« _”n_am— _ Suﬁxm—.u”_quwﬂ.

mﬂm; c—.,..&m.ous z,mwo.- of) pue .m. b Ot g wm

wﬁ.

mn;.ﬁwﬁ .bc_ﬁ..uu:: Surpear sy Ajerelsoun o 20inos A1ewnd v osnezeq
Eﬁwcoo hnﬁguw 10U : 51 muﬁmtuozz TUSWANSBIU - MO “IIATIMOY" -
.:o:ﬂ%w Emcnﬁm Equ.Em\muE 05 uey- .538@. %0 ason_e. 10

oﬁ_ Ti 3 mnoss;om ﬁ.:% ﬁa EQEE_._wmoE 95 oﬁ E&m .Loo L] h-:ﬁtoo::
Juous w@oE Moy oﬁ uqa;_mo::o? ate A..vwmo.m pue s uSoB wcc:%aoo

EoEo.Ew&oE mop. om) o: i 6 &m ur vum: se'ole mE

mco:wSov Eﬂunﬂm .uo wE..B E .muonm:d> EuEu.EmmuE oy Jo wns uﬁ
Ajdurls ST UOHBUTILIDNAP MOPINO-MOPUl U] JO DUBLIEA 3 ‘Apuanbasuo)
"QI9Z. $1 AOURLIEAOD ) os Eoﬁ:uﬁu@E PoWINSSE QI8 SJUSWIBINSESL
Boc oiu 3U).'UL SIQLIS. WOPURL 3y} ‘SUOHBGIIINP ?@Eo.?cmﬁ 10

R - Ecoﬁﬁﬂmﬂuﬂu om)
oﬁ JO 33ULLIBAOD oﬁ >OU v:.m Equ.SmaoE BoE:o o& JO 3duUBLIBA
oY) = 04 JUSWSINSEIW MOPUI 371 JO oyLLIRs ) = 04 ‘UonBUIILIISP
uonEYur ) .ﬁo sy, uzw mocuuob_v 2: mo il 2A W = n\_ ETEY: I

ﬁmv ...... e e B R >OU N N@Nﬂ.\ —Q\p IQ\#

- ' soouenrea ay) Suppe Aq paUMIqUIOD
e mﬁOﬁ—NF—.@z wopuel - Ou 05@ m@ﬂﬂ—.ﬂu—.—vaﬂ: "SJUAWRINSEAT MO om]
JO 95USIAIP Yy WOIY ﬁuam_:u_mo S1 wonenyuL unh_wmoE AMOJINO-MOpUT

E_dEmoz—.— zgd.z_imm._.m_ﬂ zO_._.dﬁ._..__u_z_

AQWW R e .. f s e e ke nr e E s 4w h..‘............,.q."...\«..:v._>ua“Q>U
s O Aq sop1s yioq Supialp 1o

x>U @xlmm 4 aﬂ@..,.

m_u_oi ¢ wﬂ
pue ;b mnasnso 5& 56 pue 9& @>u 310gm-fAD UOTRLIRA
JO-JUIDYJO0D B:S€ SULID). IANE2I W PAssaIdKe 9 UBD SUCHRIALP PIepURIg

14 ﬁummo..n_xm
aq Ewo ESEwaOm ay ‘¢ ‘bg oy Suniasul pue v 10] ¢ ‘b Suiajos Kg

.................. qp
A@v ,......J.,....rq .......... i u_z_ b = 420
e e e or

un_ :.mo b;:_m:um uﬁ m cm SE mEﬁomS vcm M .ﬂo._ wm w:?-o mm

sl moo;vﬁ .«o woab omoﬂ_ jo E:ﬁ_mcum oY) sny,
[oAn 35dsar Yusuodys plig: fusmigaos odIeyosip oY) = # pue v 213gm

" : T coaﬂﬂuu o?.an Bmod
4 AG fﬁwEﬁE&@ un_ uLd 8050@.50&233& MO[p Aurew JO .&ﬁ:e:ﬂ&
omuaﬁ_o __.u YL “3oiA P 05 &o ANATisuas 51 paffes st uria} PANRALISP oYL
‘7°ba 10§ ﬁ._uﬁuou mm owa w:_:ump:m aﬁ\.ﬁona

o T m@sw mo_xm .ﬁon_ Jo EE u.ﬁ:g uﬁ
m:dﬁ .H. mE_uao.. oE: uo _.:wo: oo_;uw u:f = ¥ pue “_85 Bou oﬁ @ o.._oﬁ_g

...“.. . I I R I UL _Wq\.—. % Nv..\ﬂ

\OP

1{£961 Wemg pue [[epuad))
:o_mnm&no SOLIDS .Hc_ma.ﬁ B JO- ULI9) ISIY- oY1 Aq- ﬂuamﬁ_xo.&au 8q ued

o4 Equh:wmuE mopge 36 doweLted sy pue ¥4 mEvmu._ aum 10 w«_an 901AP
e JO SOUELIBA oﬁ usaMmIag, n.ﬁ:o:ﬂo._ afI mEmEo.EwaoE “JLpauwmoA
ut mﬂ_ﬁmu._ oUIl] QY) JO ‘SIDULIO PUE .‘SAIM ,muﬁﬁﬂ i peay 10-Idop
MO} JO:JUSWSINSEII S} S1-S30IAIP JHOWSINSLIW. MmOf pasn Apadord pue
POIOTLISUDD-|[S3m PRIRIGIEI-[[2M Ul 221008 AJdiepsasui 15381e] %], “{#R61)
‘e 12 sog PUE ‘(9.61) sod “(RL6T) OSI “(8861) A3jeW pue INOLL Ul UDAIS
81 AJUTEI30UN 0 1049 JUSUWIANSeNH MO[f:J0 SISA{RUE pUe UGISSNISIp v
‘%56 = d ¥0} ("7 = 7 $89201d JUSWAINSEIW B ..8 § JUNWLIAP 01 Pasn
ale sapdures Jo saquni-ogief v I (8461 Omc ST Bouapyuod Anjiqeqord
9456 Ay} ST JISTOINSLAMI MOJJ." Uf -pash- AJHOWWOD - Ljurersaoun YL

@



092

R Awenaoun Buipeay
uo___.mn _w_..o_rono._n_ pUE JURIELOS JO} PAIRNU| WadIad SNSIAA Y07 Kjuepaoun
JUQWRINSESI MO[J FAREIAY 3 pepInG .%m Ajujereoun uoNEINYU| 9AREIEY-'Z "DId

R (%) 001 F ‘GILVHITIANG INFONTL _
mox.\_om f 05 05 ‘o 0f 0z O 0
)

%
- Sy a0y

7]

M

c T BSUDYiE FHE YT -
S AHBISUQD . g

mgua @ca@ |__n am @.&% Ea 12 _um 95 61-ba ?E%E
. g 3@ _g\qw “&catuuzz o>_§£ oE na.m« o..o:?

.a.».ﬂ v
R A PN
I (AN

_.SpIa1A £ *bg o g1 bg SUnmusqns JweIsuod st ¥AD UM ISIMANI]

“

d

(61) "w e _@>U§rs~:c$ — D+ 1] ma =
G e e
o LT _v.u.m:rzh QAQ had —v+ —H_ Iy i @ "= Q_?U
- T . — -5‘: Q‘. S o
mo>_w U\um =%x9 coaéuoﬁ u..“_u mEm: m:._d 2 cm ot 8l, c.m w::E:mn_zm
L 13 .J :
Aw,ﬂv ---------------------------------- @h‘ @Q—q @ Q>U

p .10 - 1 ‘wonenquur uﬁ 0] 2AfeaI uummu.axo va

OS] Ued UONRIAID PIEPUER]S UONEBUMUIISIP UCHENIYUL 9y, 'SISeq Bole play

0 qi3us] moling jun Jod ¥ o’ passsIdxa st UOHRINIYUL 22uls “uonesdde
[eanoeld PN Sey SHUIANSEIW Uoljen|gul ul 3::3.3? N[OSqY

T ¥5ue)suod 10§ 305 U2D#13q SIS3U pue JIBU0dXs 2BIRYISIP 3DIASP

a1y uo puadop j0u s30p ‘| "1 Wi pano[d OSE SI YOIYA ‘dIYSUOTIRISL SIYL,

652
(D) = aqq_@ + 02 = 0 = YAOu (T + 1 - 0)'On = Gs
saA18
x >U Eﬁmnco v ::3 H:n 2 cm 8 _uu_ Eﬁ mﬂo:nE:mmm aures ay) wEmD

AO—V fr e e e e i s aaa .. N__._ANMN’UNUNB + NK>UN@ Bv. = ds

speif 01 b

ojut aw cm Sunmnsqng "JueISuUO s1 ¥ Ay UOTFELIEA JO JUIIDIJACT 3] U}
‘8ulpeal oY) 01 [euoniodold ST UOHEIAAD pIepUB)S Sutpeal 34) JT (4361 ‘(e
12 SOg) OUI[NAQIN] IEJINS PUR ANDO[IA MO[} PISBIIMII 0] 2np Suipeat a3
3/ SSEDIDUL UYO AJUTELIDOUN BUIPERI-PEIY 2IIAID FIOWDINSEIW MO T
*2DIAP JUSAINSESW JO 3dA) o) uodn

mc_cﬁoaov :o;wbEE =9:m e ”& é&cm SB 0w §g %n_ s1ogIp _um\o § ‘saoLaap
035 ..oﬁo Y3 104 omnﬁ 305: ,:o_._u ::.::s Eo o.:.. r&E :o:wb_uE
31RIND5E 3piacid ued »u..: PUB*$301A2P : .Ho_.:o uey} muocco m FIMoj mzﬁ:w:
s1 0 A)IADISUDS SH]), 9] 9Ap_‘IOAIMOH] *SISEPINIP. Boﬁsc oY) se.10; %
Y SISESIOUL ) ERIIR UOIIEIASD ‘PlepUe]s UONel][yuT 3y) PUE ‘a7el Bcc L]
~SESIDRpP UM m_ﬁ_n_ﬁ §0Seal2UI GOLIRIABP; PIRPURIS MOP IOYLIO ) ‘MOY) £
QAINISUIS AIDA. ST PRIY:DOYLIO umznuom 7 Juauodxs. :oua:wa 23IRYISIP-OH)
YIIA SOLIRA 3SEAIIP JO AeLAYY, T = 7105 01 0= Y 1o 15 . 7 A ol
$9SVAIIFP AJUTRLIIIUN D13 90T 2K} 1d05X3 [[e 10 "SIFAIP. JUSTID.INSBIW
Jo wo&: Jnoy 10y parenjgul juadiad ) [ sellea AJUIRMIOUD say)
ﬁ:ﬁ aosuSuw ‘PIBPUE]S UOTJBUTLIINOP UOHEXI[YUT 3Y) A0y SMoqs | "J14
+ 10g 31BL MOPJUI 3Y) I8 UOHRIASD pIepue)s. EoEoEmmoE 21AIP

mﬁ .ﬁo ¢ *@ oyel 30@5 pue ¥¢ uosw:ﬁv _E%Eﬂm .waﬁwuu w a .ﬂu.._ﬁo
pue .82 bﬁ.&o& £d 1 pengun E_._oEm Qalyerar syy ‘» u_:a a ‘s Boﬁﬁma
:oaa_.ao uw.anumwm uo?ov oy} woxy, vﬂﬁ:&wu ¥ ey :onmEE..Bou
uoneNjyul 3yj Jo UoNEIAsp pIeplels oY) Apusnbesuod ucm 22U2I2[1p 2)el
MO]] 3Y) JO UOHEIASP PIEPUR]S 2Y) ‘SMOYINO PUE SMOPUT JINSEIL 0} Pasn 81
oo;uﬁ aules oﬁ v:.m Eﬁmnoo SI m.,. :2_3 Sﬁ BocE oﬁ " 9. = _uu Eo:?

’ uoo._aon EoEH:wuo:
MO|4 }0 wwg._. .__._o"_ “i0} ua«a.z____:_ Eaﬁon_ gheseA 'Is _..o_«w_:on _u._u_u:mﬁm yhe
~dinseal Mol o} PABISY 5 UOREIASQ PIBPUTIS IuaLLBINSEEN UONEIYUI °L DI

(%) og % .au_.ouEEr_Ez_ .Euommn__ .
‘0006 0ROl 0% 05" oy 0f. O Of ”.oo,_,

. WG Jontuniaay "

UBIEUDD » HAD o AN —— -
WDISUDY » S ——



o o e . . . o .
A i

QWNV I I TT I T TP AP R R A .:1:&.».".@._

o ay

HQONV ..-... -. - .. .- . .. .- " ".- .. .. . . . .. . - “.“ -..-. -.. - .-....-. I I R ﬂl Q&
AQ@NV E R N L R T e e Hl”.w& 0.,—0—.—3
T, S B Is S
( _@ R SR wm

: e B 8@3 SIM0], “Ed PAS) se ﬁ&ﬂ:o_mu

uEa_; ucmzﬁm& u@fu?m.uoim.oa e =7 u:e. Eo...:.c “19d’ STldwsiniseain
.wo .Hun_E_E u_.= W ipaInsedwW SMoLm] JO IS i) = I afofm

e

) ”quﬁ_Eoo 5 1STHU SONIIGELIBA OM) ) ‘0BRISAR OY) 9YR[IOfEs.0) pasn

JUSUIBIREEAW HONRIHYUL 89 Ul AJUIR)1ISOUN OS[R sLaJay) ssneday '[:-bg
Ul p2ulyoep se S14:pUE (UOTrel)[Yuray) JO HONBIASP pI2pUR]S e.ﬁ_fn is _3@:3
A..VNV .. . ...... . ...... u. ”m..........:... . .“.“.”... ... ... .,.. a ........r m.m...... ;.:.u. ...u. ....... Lﬁm w| Hw

aﬁ

L op w?oa mno:dEEbHuF :o:thE

u uo vuwmn_ :w« :ozEHEE omﬁué 3Y) Jo Auersdun Sy ‘AJureIooun

TUIWIRINSEIW OU 315M 213Y] I "ROHRII[IAUT U] JUAIdYUI AJHIqRLIRA [B1oEds oY)

01 anp _uoozﬂo.::_. 81 AJUIRLIZ2UN pUOdas © “ssa0od sSIyj U] ‘juswiean e io

‘Pioy B ‘Ti0s € 10] n_:mcozﬁoh JO 2N[EA WOIRIIUL A1) J3BIUTISI O S11SIY SYT,
.wvwoa.:a QE .wo auo .:& o_usE b_@:w: 2 macmm_:E..Buv uonenyu

v mﬂozuu__aﬁﬁ

Plclic o:.mEon% JUIUIAINS BN
MOY 3} uey) 53818 OU 3q AJ[RIound [{IM JOLS JUSWAMSEINW UOHRH[LUI
SIEWIISAS A} ‘pasu oIw SIOIADD WS Ap se m:& $e ‘Apusnbasuo)
*JOLID JUSUIAINSESW VONBIYUT 256 & asnes [ia 105 JUsudinseow mop
JNBWINSAS 95¢ © ‘a[durexs yoJ "UONRIUUI Pale[nNd[ed- 2l 01, peuonjiodoid
ST JOLI3 UONENIYUI JY) UAY) ‘PIST JIp SIOIAIP JWeES A} pue aje1 mop
a1 03 (euoniodold s JOLIS SHRWASAS 2y} J1."019Z- -aq flAIOLIY JT)BWS)SAS
UONBURLIISP UONRNYUT 5G)- pue ‘ino [20UERD [[IM SIOLIS OY) ‘I31A9p dWies
2y} uisn Aq ‘UBY) (MO YPIIA AIRA JOU sa0p) UBISUOD ST JOLID JUSWSINSEI
MOY DNBWR)ISAS YY) JI - JUSWIINSEOUL MOYING PUB MOQUI 2U) Yloq 10}
as1A0p auwres ay) Sursn Aq PaaNpl 2q UeD SJUSUIAINSEIW UOeN Ul MOPINo
-MO[JUI Uy aoo.um 2: ‘SS3I3SET 0) INOYFIP 2Ie SIOLID SNBWISAs ysnoyyy
*I0MI3 [B10] 2] JUTUEIS)AP O) S31JUIE)
-1asun Eow:ﬁ 0] pappe | m_ IoL1d oneNsAg “Alradesdu pasn ApUaSIsuod
a1e A3Y3 10 ‘SIY} SIOSUE 3 PRIORNSUCED JO pajelqrfed y3nous b_zmuumu J0U
aIe S3MAIP UINQ. ‘JUNGIOR 0T USNE] IO PaJRUILIS U32G 3ARY JUAWINS
-BIW MOY 3y} UY SIOLID 211eUI)SAS [ Jey} pawnsse sey w.m»—m:m SIY YL
. . - SIONAH INBUSAY

192

IR : *AJurelIasun
Eu..o_._E 1113 uo deme . om— pue -$21nPad0Ld . JUSWANSLIW - AJRIND0E .asn
*AXESSIDIU: S1-SAYDIIP DUBASAUOD IO ‘SIOPIOG ‘Smouwang Jo suontod. [feus
IPA0 SJHSWRINS W Junjew I *a[qissod se aseaIdap mof) v 281e] se alnsesw
0] ST 10)0%] [eOULID 3Y) ‘AUIRMSOUN UONHEUIISIAP UCHRN[IUI 9s¥I00p

s ESEm:om A0[ M SIDTAJP. EoEu.EmmoE s »:Eu.:mo YySnoyify

: %99+ JO Juaun
-2Insgaw ﬁw:o_ £/1 Y} 10] pue 256 + JO JUSWIINSBIM-HONRIHGUT A0.1IN]
2[0Ym DY} JOJ [BAISUT IDUSPYUCD AH|IGuLiord m%m.m © U] SHNSAI ST, "2%01F
JO saunpg moLmy A Jo AFueIpIE 3y uy. s3ilfea ‘O painseaw (8861) Ayl
puE INOIL, “[IBUS] MOLIN BfOlAv o) 1aA0: PIUTULINOP Jel} Uel) Jofie
sowp ¢°¢ 10 “10779°9 = 7707197 ¢¢ 1'ST YiBUS] MOLING 3Y} ¢/] e PaInseIU
1BY) 2fIym ma_u.m;mﬁ 90/ 0g¢r ] §1 Ajureprasun, uonesyuI paInsesw
[rel a3 :o:w.sEE uﬁ_ 0] JAneRl ..BSBOE 91057307 94€€T 9q PINOM
nofjeN[YUl Jo Ajurenidoun dy} ‘giSusf moimny oY) ¢/ e muu..zmmoﬁ 1M
(uonen[Yut 9507) MOPUI 3Y1 se sFae} S2.9508 MO[Ino.ue jf - 10y Ayureprssun
JuSUIINS B Boc@.oﬁ JO 95¢1179q pinoi“¢T -b 01 Buiprosor ‘(Jue)stod
= F ‘9’7 = #) Jsthiamseatn JWNg-A [fe) pue pesy B Y)is AJUTELI0UN Uon
~BUHUIIOP UONBL|YUL 3TI9AT 3Y) ‘YI3US] 2ATJUS SII IDA0 MOUI SY JO %09
Burpenyur st smoxmy e J1-YIFusf uonsss Jo ssuepodw Y] JBISNHL OF, -

. 13U siy 0] [euontodoad $1 asearsap Mo Yl pue (Bole
oRIHis 38 I0) PBUI[ MOLINT S D) o>~§& :oim uagA AJUO JgSET AfpeD
“IsAgd 1" uawamseon FOHRHTY U 28 nedaq .SUQEE@Q [njasn Jsow 1Y)
ST AJUTRLISOUN JANE]2T 21 POIel[YGl Uorod 21)) Yl A[9SIDAUL SaLIeA a5
JUSLIDINSEAW 24 ©) SALR[I AJUIRYIOUN- M- “(F *Si]) $258219p pajenym
JUNOWE 31 S 9504 01 dn 2seaIdt 97 LJuIe)Iasin UoNBUILIISD oy
Es_omn_m 81} 820p AJUO J0U .5530:. *Ijem JO UONIUPONUL 51 SuImolod

‘ouny M wumzﬁ_u J1ef vogeiyul uw.sawua Wweploddn s SIGL 001398
padtiseatn 3y irtfitm sdotiadafip aththy Aiiftioddo syuiin aonpar 01 $aonyoos
MOLINJ JIOHS A[B] UO Speil on:oEOm X2 SIUSI2INSEIW uoenyul

e = L N3ua] uopIg

| SISATYNY

"23uel MO1Ien $]1 0} NP ‘IDYLIO PITIS-RISU0OD d1)
J0J AJUrenrgoun aAneRI 19Y3y smoys osfe ¢ -8 ‘reuoniodold 0 JwIsuod
POUINSSE SIE SOUTRLISIUR FUIPesys IIYIYA piie (90YLI0 24 1daoXa) s3dIaap
OOMI2q SIUASPIP SMOPRISIIAC 10)2B] SIL], “SWIA} JATIe[oL Ul passaidxd
UM UONENYUL FUISE210ap I SISEIIN] AJMIBLISOUN 1) bﬁaﬁ Moy
910N 'z 31 U pajofd ale S30IAIP JO monb Inoj aff) 10§ ¢z pue 7z "sby
*JUIDAINSESW MOp YL JO AJUTRMISIUN ARSI 3y} = “O5F a1oym
: d
AMNW.......... ......................&Um. ,_—+|-|N.M ”Bum
S SIREPRNEEP Cu T I

mﬁ_o; ﬁm, vm ._BE 07 am_ wEtowE ,Eﬁm:oU s1 ¥ >O :o:k .h_.a_nﬁm_

K :

ANNV »». a_@wm__‘__uﬁza .SAA l::..: ﬁh QQ.W



¥9e.

3O uDunseIP,, (RL61) (OSI) UCNBZIpIEpURS I0] uoneZiugSI() |BUONeWIau]
AN YIOK M3N ‘SUOg puR ASfip, uyof swaisds jaunpyd uado dof

Souing urmspaws mopf “(F861) [ TV ‘SUsWwL[D pue 'y 1 ‘a[8o)day ' "W ‘sog
"SPUB[IsYIaN AL, ‘UISUIIsFeA ‘jUsudaosdw] pue uoneweasy pue] Jof

RAMNSU] [SUOLIBWISIU] “SIIRIINAIS THIMIINEDIU IBLPYISKT (946]1) P2 "D "W ‘S0

SIONIHIATY ] XIANIdAY

L - *Ajurepaoun ssa001d

EoEE:wmoE ._om vouootco uﬁ_ :ao.b__._n_mcg uonenyuI paanseal g
ou:uﬁ@: il PJel UoneIgul 28eIaAr 9] SuUIUNUIID)9p O]

ancu S1 SMOLINY, _m._ubuw FuLingeaw ‘Aiqetiea jersuds Y3y o3 ongq ¢
.. - 'S10113 DNEWR)SAS AUR JO §103]J2 21f) 9SRaIdAP A[[ensn

M maoEso v:m mBocE 210§V 0] INAIP Jo adA} aures sy Suis() ¢
. *PAIBNUUL ST MO[ 3Y) JO YD YDIYM Ul
SUON)338 Bob_.c m:o_ m::__msoE @EEGB JUSLUSIASEAW UONBIIIUI 3]eIndor

‘QI0JOIRY], “SASLAIIOP PAYEN[YUL ST 1BY) mO[ul Jo ju3diad oY) se Apr-

-de1 sasearoul &catouzz UOTIBUIULIZISP UOTJRI[UUL MOFINO-MOpU] 7
. ., "98Fe[ 3¢ UED.pUE A)INELISOUN JUIAINSLIW MOY
U IR $aLIBA 3:8:»%: UOIRUIWIISD UOHRNYUI MOYINO-MOPU] "[

SNOISNTONDD)
“Tuejsuos urewIal
IBY] $32IN0S S\:u oﬁ uodn Zupuadap ' A9y pue 9 usomiaq ataymowos
Aj [ Ec:mtuoc.: mEEo> PARND[IUL JO 2)BUIS2 182 9y) ‘Apusnbasuo))
“pednpoxur 3q JyIpd tola __.mm.EBmmm SUWOS pue ‘AJiqeLeA Wopuel 1)
[l spnjaul you Aewt mEuEu.Em.mvE Y3 [BUIpeal Yo 4oj pasueyd Ajjenjoe
ale [uuosiad mcﬁmu.. PUE S3DIATP Jiotia IS LI 21f] §saun ‘(3861 AN2R]
pu® INoiy) PAYSI[qe)sd SJUSWSINSEI  AJUIRIISIUN II[AIP SB ‘I9AIMO]

Ean JURIOSBIW JO I0QUINU JY) =
U 203Ym .m\z; Jo ._duun..w v \nn_ paonpal aq [[I4 AJUIBLIoUN 31 ‘Judpuddapul
arxe wEoEo.SwmoE MOINO pUE MO[Jui JO 11ed Yora J] *pases1dsp aq [Jim A9y
(a8rIoA® 10) uEEE | jo bzatuun: uE, ABE adelaar ue 10) SWNjoA
pajenyul ue YsijqeIss 0) W[ ISAC Spew Sre SustIdmsEIw [eJ3A3S
JI "SUWIN[OA pIjen[yul dAnEINWND © AQ ‘Ul 19AC SIUSUWIRIMSBAW 3)BX
Te1aAss Juresdajus ygiory) <10 (3wn Hrintoddo syejur Areniqie swos e
owﬁ E_10) 9181 UOTIEN[YUT 358 B SE JaY)I0 PAqHOsap A[[ensn S uone1yuy
t o To4(E Gey) JDYIRd g8 ST UONRLIEA JO JUSDF20d N 3] Jo

(6g) "o Eeﬁvmie_m?éb:T%_EDé s
. .. : o L . N hNUMhQOm
Qa :.E:Zlm _a_r@. am_fE N_Eﬁaq_@m%o em.mr&

Sk
. s m_ by wouy ‘st :ocm;ou paepue)s UOLeuIIIR)AP., :o:mbEE

uE ow Ammoh AYorI pue JNOIT) WW C'| 39 0] PANSEIW SBM {£9'7 =
‘CpSO00"0 = ) sowny 3yl Jo ¥s oy (9407 =! >Uv .EEA 9 mmﬁ. =os£>uv

€92
pIepue)s 2)B.1 UOKHRIUUIL 3Y) PUe ‘(2579 = “7) moyus ur/-gp s8eiaAe ue Jo
mur T g S 91 UoNeNul 2FBISAT JY ], "SAUINY §310U-A YIIM PRINSEawr
SIam SMOLITY Juasefpe 0 WOY SMOPING pue smoyui ‘ofdwrexs 1og
e *§52001d JUSWIDINSESUI 34} JO UOT)RIASD PIBpUR)S
uoEE.“BoUo.a 9y} = 95 pur SIUSWIMSEIW BFHS JO $ILIIS € JO UOHRIAID
?a_uzﬁm oﬁ Hig LANIgeLiea anay 1)) JO 91BUISD 15aq Ay = Hs araym

AN‘NW ..... ........................................ gﬁhwh.lzmhu"

SUCTIRUIULIZIIP JO SILIAS © JO UOLEIAID PIEpUE]S Y} 88
b:ﬁmﬁ? wEEumo.aum “SYNSAIL A1) WO PIIDLINS 2q JSNUI $109 2 Juatd
-3I0SE2W A1) ‘snyl pue ‘AJfiqeLea NI} 3yl puoiaq Eibﬁﬁg paunseaw
U3 95BIIDUL [{raa AJUTELISOUN JUSWIRINSEBIUL 3] ‘9SRD SIY) U] *SIOUBIDPIP

uenELyuL JuR19yul 03 anp Lqeniea uoneondde 1a7es . MOLINY-03-MOLN]
Q) SUTUILIZ]AP O PAIRSEI A PIROD, SMOLHY Juddelpe Jo saLias & ‘spdwrexs
104 "djel uUOnEMjgUl Y1 Ul Aniqeriea ejodws) 1o [eeds Jo junows
M, oEEhEuw 0] SI .JudWAINSEAW uonemgur Joj ssodind puosss v
(8861 ASYIR pue Jnoif)
LI Boc pue uo?uu u..: uo wc_ﬁnoaov 948~ U221 PAINSEIW Sem g AD
DIASY WUSWAUNSEIG MO} A0ENT (J886T ‘A9¥oRl pue INOLT)-9457 9q 01
PAINSEIW STM OURPLUIDIYINOS UF A TFMOLINJ-05-MOLING-2FLI0AY PaIen Yl
SEMOYUT 313 JO %0 Ueyy S10W: JI AffRIdadsd ‘mormy od s1UsWaINseaur Jo
Taquina 2.: uey} ueIW ) Jo L)U1e1IIdUN 243 0 Jueytodur ajour st 2felsae
oY) YsqRISS 0} PAINSEOW SMOLINE JO IAQUURU. 3y} ‘UOIJBLIBA JO W20
AOLINJ=H)- MO.LITY _._mz._ P YPIM "9%0T JO.SmOLINY painsesws sy Jo /A0 pue
%€ JO anjea %] _uoEE._BoﬁuE ® B0 paseq ‘UonenyuI ani) Y} )W
E wHaothsmﬁoE o_QE:E waiﬂu .Ho oocmtong .9 smoys ¢ it

,. [ = 3&_”3

o h LCAD E._u gbﬂ = So .mEE:wnS a: Bo.zsn_ ._8_ m..:oEP.:@
ns_ @y u:n 0:0 v:w Ty Ez:euo: SMOLING JO w._uaEsz ‘palea SURNIed
_25 .____.__ u_uE_ﬁm :o__E__c_.__ abeIany Jo (leas %g56) Aurensdsun ‘¢ "oid

0 ooix” ._ﬂ Q31U ININI INZOUTS
ool - 06 0B -0r @Y o8 'op 08 -0z 0
A T . .._ .._...LJ_.._. T e B DLt

.00

. S - -
. co_.u_..

1
o

E

!
]
<

I el
g @
(%1923 "LLNIVLYIONN NOILVYLTIINI DALY I3

o
~




: fluid flow: estimation of yncertainty of a flow rate measurement.” Imema;mnal
~Standard ISO 5168, -1978(E) (available from ANSI, New. York, N Y.

Kendall M. G., and Stuart, A. (1963). The qdwmced Iheory of sraumca 2nd Ed
Vol. 1, Hafncr New York, N.Y.,232. °

Stecle, R. G. D., and Torrie, J. J. (1960) Prmc:ples and procea'ures of statistics.
MCGI’aW-H]ﬂ Inc New York N.Y., 81.- .

Tmut T. 1., and Mackey, B. E. (1988). “Furrow ﬂow measurement accuracy ”J
Irrig. and Drain. Engrg., ASCE, 114(2), 244-255.

Trout, T. J., and Mackey, B E: (1988b) “Furrow mﬂow and mﬁllra(:on varaabll-
ity.™ “Trans.-ASAE (In Press). : e .

ﬁtPPENDIX Il. Notamon "~

The foﬂowmg symbofs are used in rht’s papér

_ méasuremcnt devrce dlscharge equatlon coeﬂiC1ent '

a -
'COV = covariance of two measurembnts, 2
'CV' "= coefficient of vana'tithn = Standard de\rlatlonfmean
"E = "uncertainty; " 7 LA AR
Epp = relative uncertainty in flow differenice’ (ihﬁltratlon),
Epy = uncertainty of volumetric difference; :
Egp =. relative uncertainty in flow. measurement; o
‘io = relative infiltration; R
. n = number of measurements; . »
Q = flow rate; o
R = “neasurement, devnc rea.dmg such as ﬂnw dt;pth,
s, = standard deviation, YV, o
L F, = Studént’s f-statistici. .0 L __';‘ o
r =" weighted average pofatistic; . L
V = variance; o :
¥ = measurement devnce discharge equatlon exponent and ~
W = sn : e
Subscripts ' N
"D = 'difference of two mcasuremgnts ‘ e e
- 1= infilration; . LR
M = rneasured mﬁltratlon, e 4
T =, true infiltration; . T G
Q1 = inflow measurement; . . . . ... .
QR = outﬂow measurement; . 0 0
Rl = inflow de\uce readmg,_ PR
- RY = outflow ¢ e\rlce reading;. Lol
1 =, _.mﬂqw devlcc or, measuremenl and e
2 = outflow dévice or measurement. A




